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PRELIMINARY RESULTS OF A COMPARATIVE STUDY OF SEVERAL
- COMMERCTALLY AVAILABLE OXIDATION RESTSTANT COATINGS
ON Mo—0.5 Ti ALLOY SHEET

The Langley Research Center of the NASA is currently investigating
:s‘rarious comuercially available protective coatings for refractory
metals and their alloys. This progrem is concerned primarily with
cna.tings for thin sheet which will have structural applications above
2000° F/ The current program includes continuous and cyclic oxidation
. tests “in ,sv.iaftic‘ air, flowing air end reduced pressure static air oxid:s.t:ijqxﬂz‘
tests, and moin;t\e_x‘nfp?fq._tg;e mechanical prope;f‘tymtests. The effects of
various substrate edge conditions on coating life is also being investigated.
In addition, metallurgicael exeminations are being made on the coatirgs
before and after high temperature exposure. ‘I'he data presented here
are the preliminary results of oxidation tests in static air at 2500° F
and Include constant and cyelic temperature teéts , tests on three edge
conditions, and room temperature tensile tests on coated specimen‘sz
Specimens
The specimens for this program are shown in figure 1. Included are

oxidation tebs, tensile specimens, and lezdins eize specimens. Ail specimens

were fabricated from stress—relieved Mo—0.5 TLi cheet 0.012 in. thick. Several

oxidation tabs were made with each of the following edge corditions:

1. Warm sheared to size.
2. Machined to size and edges hand broken with emery.

3. Machined to size with 0.125" redii at cormers. All edges
: were then dry tumbled in an agbrasive nix.

The specimens were all fabricated by NASA and forwarded to various

coating suppliers for ‘the application of their best aveilable coating.
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All specimens were preimrod from the same material and all suppliexrs
received the same coating specifications.

The specificé.tions furnished guidelines for the coating which would
represent the best compromise between maximum oxidation resistance and
minirmm alteration of the uncoated mechanical properties of the cubstratc.
The suggested guidelines included the following:

1. Oxidation resistance of at least 10 hours at 2500° F
in static air.

2. A maximum allowable decrease in room temperature elongation
of 25%. ‘

3. A maeximm allowable weight increase of 25%.

In addition to the performance guides, the coating supplier was
requested to apply the same coating to all specimens and to use his rormal
cleaning and surface preparation procedures prior to coating. A list
of the coai:ing suppliers for this program is presented in Table I which
also includes tne coating designation, coating thickness, substrate
thickness (before and after coating), and the weight gain of the coated
specimen. .The weight gain for thk2 coatel sp2cinens incluldes the
effects of any surface removal of the subsirate by the coating supplier,
prior to coating. The Disil specimins; Tor instance, showcd a net weight
loss, after coating.

Equipment

Constant temperature tests. — Static air, continuocus exposure,

testing is being conducted in a vertical tube furnace, a schematic view

of which is shown in figure 2. The oxidation tabs are supported in &

Nskiaeey  PRELEE




. NSMLAGLEY PRELIEARARY

-3 -

zircon boat which is suspended on & platinum wire in the furnace. The
autoratic continuous recording balance is used to record weight changes
versus time. The balances presently in use are capable of detecting

a specimen weight change of 0.2%, and continuously record a weight change
up to 20% for the oxidation tabs in this study. The cyclic testing is
performed in a horizontal box furnace. A small hole has been cut in the
furnace door for specitﬁen insertion, and a zircon boat supports the
specimens,

Testing Procedures. — The types of oxidation tests used in this

program are indicated in figure 3. The constant temperature tests
expose the specimen continuously to the test temperature until failure.
A 10% weight loss was used as the failure criterion. If failure was
not observed after 250 hours, the test was normally terminated.

In two of the cyclic tests the specimen was inserted into the
furnace with 95% of the temperature change being achieved in 30 seconds.
At the completion of the cycle the spoeimen was rentved rapidly fron
the furnace and allowed to air cool.

Inear temperature rise rale

Tne other cyclic test cowtrols o cicw 1
for 1/2 hour, exposes the specimen to the test temperature for 1 hour, .
and then controls cooling rate for 1/2 hour,

In the cyclic tests the specimens are weighed after each cycle.

A weight loss of at least 10% terminates the cyclic tests.

NASA-LANCLEY PRELIEGNARY
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RESULTS

Constant Temperature Oxidation Tests. - Typica.l plots of weight

change versus time for the various coatings are shown in figure L,
Some coatings may lose as much as 3% of their original weight during
the first hour. This loss of weight is usually accompanied by smoking,
which gradually stops as the coating heals.

The specimen may then remain at the same weight for many hours
before E:atastropic failure occurs. In view of this mode of failure, the
evolution of smoke or a small weight change as & criteria for failure “
may not result in a realistic assessment of the protection provided
by the coating. It appeers, however, that after 5 to 6% weight loss the
various coatings are all failing rapidly with 'Ehe possible exception of
the two AMF coatings.

Cyclic Oxidation Tests., — Accumulated times at 2500° F before

fallure for the various coatings under cyclic and contlnuous exposure
oxidation tests are compared in figure 5. The rigure clearly indicates
the severity of the cyclic tests for the majorilty of the coatings.

As expected, the coatings with the longest constauc temperature life
also exhibited superior cyclic exposure life. In tcrms of accumulated
time, the 0.1 hour cycle was the most severe cyclic test. In terms of

the number of cycles, a coating would generally witnstacd as many or

NASA‘LANGLEY 5 ?E’iE &mgh‘a: ‘RY
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more O.1 hour cycles than 1.0 hour cycles before failure.

Edge Effects. Edge preparation is generally considered to be

an importent factor in coating life. Photomicrographs (figure 6) for
one of the coatings before exposure are typical of the as-coated appear-
ance for the three edge conditions under study. As expec’céd, the coating
on the tumbled edge appears superior to the other two. The partially
recxys’callized substrate of the tumbled edge and the sheared edge

would suggest that these two edge preparations are less severe than the
fully recrystalllzed substrate of the machined edge. The lower
recryétallization temperature of the broken edge, which may be the
result of a more severe fabrication process and the accompanying higher
residual stresses, could contribute to a shorter life for a coating
applied to this edge condition. Comparison of the lifetimes for these
various edge conditions (figure 7) suggests that the edge effect is
quite pronounced. With the exception of the CV and AMF coatings both
the sheared and tumbled edges provided longer lifetimes than the broken
edges.

Tensile Tests. — Room temperature tensile tests were performed

on the coated tensile specimens in tke as—coated ccndition and ccmpared
with control test data for the base metal. Figure 8 shows tensile
strength, 0.2% offset yield strength, and elongation results for the
coated specimens compared as a ratio tq the base metal properties.

In general, the coated specimens show a decrease in mechanical

properties. However, the reductions in some cases of yield and tensile

NASA-LANGLEY PRELIEINARY
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strengths are in excess of those to be expected by the reduction in

substrate area (table 1). In general > the thicker coatings which had

the longest lifetimes also produced the more severe reductions in

the mechanical properties of the coated tensile specimens (figure 8).
CONCLUSIONS

From the preliminary results presented herein, the following nay
be toncluded.

1. "Thicker coatings generally give longer lifetimes in both static
and cyclic# tests but have the most severe effect on the mechanical
properties of the substrate.

2. ﬁ. failure criterion of about 6 percentweight loss appears
reasonable for the specimens tested. Other failure criteria such as
evolution of smoke or smaller weight losses may not give realistic
datal}

3. ‘Cyclic oxidation testing is mmch more severe on all coatings 5
tested ’tl;;n continuous static tests, in terms of lifetimesi™,

L, ’iShea.red edges and tumbled edgzes on the substrate befure

coating generally oprovide longer lifetimes than machined and broken

edges )

" ADDITYONAL TESTING

Additional testing is planned to expand the present data and
include other test temperatures. The effects of flowing air and static
air: at reduced pressure on the life of the coatings. under study will

also be investigated.
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Figure 1. — SPECIMEN CONFIGURATIONS FOR COATTNG INVESTIGATIONS .

Note: Spec. thickness 0.012" before coating.
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Figure 2. — EQUIPMENT FOR CONSTART TEMPERATURE STATIC AIR OXIDATION
TESTS.
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2 — Specimens Tested as Coated.
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Figure 8. — RESULTS OF ROOM TEMPERAT.... TENSILE TESTS
N-tes: 1 — Based on Area Before Coating.



